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SPECIFICATION 

INFORMATION RECORDING METHOD AND INFORMATION RECORDING 

APPARATUS 

TECHNICAL FIELD 
[0001] The present invention relates to an information 

recording method and an information recording apparatus for 
recording a recording track and a prepit into an original disk. 

BACKGROUND ART 
[0002] There are optical recording mediums such as 

DVD-R (Digital Versatile Disc-Recordable) of a recordable type 
and a DVD-RW ( Digital Versatile Disc-Rewritable ) which can record 
data. These optical recordable mediums ordinarily have a 
recording track for recording information used by a user and 
a prepit for recording rotation control information such as 
a wobbling signal used to control rotation of optical recording 
medium and address information necessary for detecting position 
in recording data on it. The above prepit is formed between 
the recording tracks. 

[0003] Heretofore, when the recording track and the prepit 

are recorded onto the original disk to be used for manufacturing 
such the optical recording medium, an information recording 
apparatus utilizing a laser beam is used, the laser beam is 
separated into two beams, one of the separated beams records 
a recording track, and the other of the beams records the prepit. 
[0004] Meanwhile, in recent years , a recording track having 



an ultra fine pitch is desired and research and development on 
a recording medium having a high density beyond DVD are pursued. 
[0005] However, in a conventional recording method using 

laser beam, a recording resolution is limited by a spot size 
of laser beam which is affected by the wavelength of the laser 
beam and a number of aperture (NA) of obj ective lens . Therefore, 
it is impossible to record a fine track. 

[0006] In order to solve the problem, an information 

recording method using an electron beam which has a beam spot 
diameter smaller than laser beam and can demonstrate an 
improvement of a recording resolution has been examined by now. 

(For example, Patent Document 1) 

Patent Document 1: Japanese Unexamined Patent Publication 
JP-A-6-131706. 

DISCLOSURE OF THE INVENTION 
Problems to be Solved by the Invention 

[0007] . However, it is very difficult to divide an electron 

beam into two portions. Accordingly, when a recording track 
and a prebit and a recording track are recorded, it is necessary 
to frequently move any one or both of an optical recording medium 
and the electron beam. 

[0008] The present invention is provided in consideration 

of the above problem, an example of the object is to newly provide 
an information recording method for recording onto an original 
disc and an information recording apparatus, which can deal with 
high density of an optical recording medium in recent years. 



Means for Solving the Problem 

[0009] According to Claim 1, in order to solve the problem, 

there is provided an information recording method which records 
a recording track and a prepit positioned between the recording 
tracks into an original disc, wherein the recording track and 
the prepit are recorded by appropriately deflecting a single 
beam. 

[0010] According to Claim 2, in order to solve the problem, 

there is provided an information recording method which records 
a recording track and a prepit positioned between the recording 
tracks into an original disc, wherein Steps 1-4 are sequentially 
repeated. (Step 1) The recording track is recorded by 
irradiating a beam onto the original disc. (Step 2) When a 
predetermined position on the original disc comes , the beam used 
to record the recording track is deflected to where the prepit 
is to be formed on the original disc. (Step 3) Recording the 
prepit by irradiating the beam onto the original disc. (Step 
4) When a predetermined position on the original disc comes, 
the beam is again deflected to the position where the beam has 
been previously deflected from recording of the recording track 
to recording of the prepit. 

[0011] According to Claim 4, in order to solve the problem, 

there is provided the information recording apparatus including 
a rotation driving unit for supporting and rotating the original 
disc, a movement driving unit for moving the rotation driving 
unit in a direction of radius of the original disc, and a beam 
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irradiating means for irradiating a single beam onto the original 
disc so as to be freely deflectable, further including 

a deflection signal generating means for generating a 
radius direction deflection signal for deflecting the single 
beam in a radius direction of the original disc and a tangential 
direction deflection signal for deflecting to a tangential 
direction of the original disc, and a beam deflecting unit for 
deflecting the single beam on the basis of the radius direction 

* ■ ■ 

deflection signal and the tangential direction deflection signal 
wherein 

a track and a prepit are recorded on the original disc 
using the single beam which is deflected in the radius and 
tangential directions . 

Brief Explanation of Drawings 
[0012] 

[Figure 1] An explanatory view for explaining an information 
recording method for recording a recording track and a prepit 
onto an original disc. 

[Figure 2] A schematic block diagram of an electron beam recorder 
10 as being an information recording apparatus according to the 
present application . 

[Figure 3] A view for showing a deflection signal used in the 
information recording apparatus shown in Figure 2. 

Explanation of Numerical References 
[0013] 



Tl, T2*--Recording track 
Pl*-'Prepit 

10""Electron Beam Recorder - 
15 •"Original Disc 
16---Turn Table 
25*-*Controller 

30"**Transf er and rotation control unit 
40'"*Electron Beam Cumumn Unit 
45***Beam Deflection Electrode 
55"*Beam Deflecting Unit 

Best Mode for Carrying out the Invention 

[0014] Hereinafter, an information recording method and 

an information recording apparatus with respect to an optical 
recording medium according to the present invention will be more 
concretely described in reference of figures. 

[0015] The method of the present application is an 

information recording method of recording a recording track and 
a prepit positioned between the tracks onto an original disc, 
wherein it is characterized that a single beam is appropriately 
deflected in recording the prepit. 

[0016] According to the present application, when both of 

a recording track and a prepit are recorded, it is possible to 
use only a single beam without using a plurality of beams or 
dividing a beam into two portions. Further, since it is 
unnecessary to divide the beam, an electron beam can be used. 
As a result, it is possible to deal with high density of an optical 
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recording medium. 

[0017] The following method can be mentioned as an example 

of the present application. 
[0018] 
(Step 1) 

A beam is irradiated onto an original disc to record a 
recording track. 
[0019] 
(Step 2) 

When a predetermined position on the original disc comes, 
the beam used to record the recording track is deflected to where 
a prepit should be recorded onto the original disc. 

[0020] 

(Step 3) 

The prepit is recorded by irradiating the beam onto the 
original disc. 
[0021] 
(Step 4) 

When a predetermined position on the original disc comes, 
the beam is again deflected from a position where the beam has 
been once deflected from recording of the recording track to 
the recording of the prepit. 

[0022] The above various steps will be described in 

reference of Figure 1. 

[0023] Figure 1 is an explanatory view for showing a 

recording method of the recording track and the prepit to the 
original disc of the present application. 
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[0024] As shown in Figure 1, it is necessary to produce, 

on a surface of an original disc used for manufacturing an optical 
recording medium in a rewritable type such as DVD-RW, recording 
tracks Tl, T2 for recording information used by a user and a 
prepit PI for recording rotation control information such as 
a wobbling signal that is used for a rotational control of an 
optical recording medium, address information or the like that 
is necessary for searching positions of data in recording the 
data, or the like. As shown in Figure 1, the prepit PI is 
ordinarily formed between the recording tracks T. Further, in 
Figure 1, although the recording tracks as many as two and the 
prepit as many as one are shown, a large number of the tracks 
and prepits are ordinarily formed. 

[0025] As a method for recording a recording track and a 

prepit, according to a method of the present application, the 
recording track Tl is recorded by irradiating a beam onto an 
original disc (Step 1) . This step is similar to a conventional 
method, and the conventionally known method may be used. In 
an ordinary case, the beam itself is fixed and the original disc 
is rotated. As to the beam, any beam can be used without 
specifically limiting the method of the present invention. 
However, in order to maximally demonstrate advantages of the 
present application, a use of electron beam is preferable. 

[0026] The recording track Tl is recorded at a predetermined 

speed. When it reaches a predetermined position A on an original 
disc, a recording track Tl is once stopped to record (namely, 
the beam is turned off) , and the beam used to record the recording 



track is deflected (so-called jumping) onto the original disc 
where a prepit PI is to be recorded (Step 2) . Here, it is 
unnecessary to specifically limit the predetermined position 
A on the original disc and it can be arbitrarily set up . However, 
it is preferable to cause deflection at a position where a distance 
between a recording position on the recording track Tl and the 
prepit PI to be recorded is closest (i.e. position A in Figure 
1) in consideration of a deflection distance of the beam. When 
such the change is carried out at the position A in Figure 1, 
the beam deflects in a radius direction (a direction of X axis 
in the figure) of the original disc. 

[0027] Further, in the method of the present invention, 

as for a means for deflecting beam is not specifically limited 
and a conventionally known method can be used. Specifically, 
it is possible to use a deflector using static electric force, 
a deflector using magnetic force or the like. 

[0028] After deflecting the beam at a position where the 

prepit PI is recorded (position B in Figure 1), the beam is 

* - 

irradiated onto the original disc and information is continuously 
recorded until a predetermined position C on the original disc 
comes (Step 3) . 

[0029] Here, the predetermined position C in the original 

disc is not specifically limited and can be arbitrarily set 
up in advance. It is ordinarily at an end of prepit. Further, 
as to a recording method of recording the prepit to the 
predetermined position C on the original disc may be carried 
out by fixing the beam and rotating the original disc in a manner 
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similar to the recording method of the recording track . However, 
it is also possible to further deflect the beam to the 

■ 

predetermined position C on the original disc. As such, by- 
carrying out recording of the prepit in use of deflection of 
the beam, it is possible to record at a rate of a rotational 
speed of the original disc or more . As a result, it is preferable 
because a position of restarting recording of the recording track 
Tl is immediately retrieved in the following step. The 
deflection of the beam in this occasion (namely, B to C of Figure 
1) differs from a deflection direction in Step 2, and the beam 
deflects in a tangential direction of the original disc (namely, 
a direction of axis Y shown in the figure, which direction is 
adverse to the rotational direction of the original disc) . For 
example, in a case where the original disc rotates at a speed 
of v, by recording with deflection of the original disc at a 
speed of v in the tangential direction (adverse to the rotational 
direction) , it becomes possible to records at a rate of 2v. Then 
it is possible to complete the recording within a half of the 
time ordinarily required. 

[0030] After recording the prepit PI at a predetermined 

speed and a predetermined position C on the original disc (namely 
an end position of the prepit) comes, recording of perpit PI 
is stopped to be recorded (namely the beam is turned off) , and 
the beam is again deflected (i.e. jumped) to the position A shown 
in Figure 1, which position is the deflected position from 
recording of the recording track to the recording of the 
prepit (Step 4 ) . 



[0031] 

The deflection carried out here is similar to that in the 
above Step 2 . 
[0032] 

After the change, the beam is turned on, and the recording 
of the track Tl is restarted. At this moment, the prepit PI 
is not recorded, and it is preferable to continue the deflection 
to a position D (D shown in Figure 1) where the beam spot for 
recording the recording track exists provided that the recording 
track Tl would have been recorded. By this, it is possible to 
recover retard of recording the recording track Tl which has 
occurred because the prepit PI had been recorded. 
[0033] According to the method of the present invention, 

it is possible to record the recording track Tl and the prepit 
PI with only a single beam by appropriately repeating the above 
Steps 1 to 4. 

[0034] Next, an example of the apparatus according to the 

present application will be described in use of an example of 
the preset application. 

[0035] Figure 2 is a block diagram schematically showing 

an electron beam recorder 10 as an information recording 
apparatus of the present application. 

[0036] Since an electron beam has a characteristic of being 

extremely attenuated in the atmosphere, electron beam exposure 
is undertaken within a vacuum atmosphere. Therefore, the 
electron beam recorder 10 has a vacuum chamber 11 for 
accommodating a driving mechanism and so on for rotating and 

10 



translationally driving an original disc 15 of optical recording 
medium. On a vertically upper side of a principle surface of 
vacuum chamber 11, there is an electron beam column unit 40 for 
emitting an electron beam. The electron beam recorder 10 
includes a control unit outside the vacuum chamber 11. 
[0037] A vacuum pump 28 is connected to the vacuum chamber 

11. By evacuating air inside the chamber, it is set up to make 
the inside of the chamber have a vacuum atmosphere of a 
predetermined pressure. The vacuum chamber 11 is located on 
a floor through a vibration isolation system (not shown) such 
as an air dumper to thereby avoid transmission of vibration from 
the outside. For example, a silicone substrate is used for the 
original disc 15, and a resist film for electron beam is provided 
on the principle surface thereof. 

[0038] Latent images of micro indented pattern for the 

recording track and the prepit are formed on the resist layer 
along a locus of the electron beam irradiated onto the original 
disc while translationally moving thus rotating original disc 
in a horizontal direction. 

[0039] 

<Rotation driving unit and Relative Motion Driving Unit> 

As shown in Figure 2, inside the vacuum chamber, the 
original disc 15 is mounted on a turn table 16 and rotated with 
a spindle motor 17. The original disc 15 is driven to rotate 
with respect to a vertical axis in a center of the principle 
surface. The spindle motor 17 may be of an anti-magnetic type 
having an air spindle structure which can be used in the vacuum. 



11 



The spindle motor 17 is mounted on a feed stage (hereinafter 
referred to as a stage) 18 that can be linearly transferred by 
a slider. 

[0040] The stage 18 is connected to a feed mechanism 19 

for transferring with a DC motor so that the spindle motor 17 
and the turn table 16 are movable on a surface in a horizontal 
direction which is in parallel to the principal surface of the 
original disc 15. The spindle motor 17 and the feed mechanism 
19 are connected to the feed and rotation control unit 30. The 
feed and rotation control unit 30 carries out a feedback servo 
control of the rotation on the basis of the output from an encoder 
of the spindle motor 17 and also a feedback servo control of 
a speed of the stage 18 by driving the feed mechanism 19 in use 
of data of a measured length obtained from a radius sensor 20 
utilizing a laser end-measuring machine . The feed and rotation 
control unit 30 controls to make the number of revolution of 
the spindle motor 17 and a feed distance of the feed mechanism 
19 constant in reference of a predetermined track pitch supplied 
from the controller 25 and the measured length data . Meanwhile, 
concerning the radius sensor 20, a laser light source 20a and 
a light detector 20c, respectively a part of the radius sensor, 
are provided inside a side wall of the vacuum chamber 11, and 
a reflection mirror 20b for reflecting a laser beam from the 
laser light source is fixed to the stage 18. 

[0041] The feed and rotation control unit 30 outputs 

positional data of the original disc to the controller 25. The 
controller 25 has a clock synchronism circuit for generating 
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a synchronism clock to make a signal of a positional data of 
an original disc from the feed and rotation control unit 30 and 
a modulation signal corresponding to a recording track to be 
recorded and a prepit synchronize. Thus synchronized 
modulation signal is supplied to a beam modulation unit 52 
described below. As such, the controller 25 and the feed and 
rotation control unit 30 makes the rotational original disc and 
the stage 18 move at a predetermined pitch with the feed mechanism 
19. 

[0042] Further, the controller 25 has an electron beam 

deflection signal generation unit 25a. This electron beam 
deflection signal generation unit 25a respectively generates 
a radius deflection signal X(t) and a tangential deflection 
signal Y(t) and outputs thus generated to the controller 25. 
The controller 25 makes a signal of the position data and a 
modulation signal synchronize with the electron beam deflection 
signal, and outputs such the electron beam deflection signal 
to the beam deflection unit 55 described below. 

[0043] 

<Exposure Beam Emission Unit> 

On the inner wall of the vacuum chamber 11 and in the vicinity 
of the electron beam column unit 40, a focus sensor made up of 
a laser beam source 22 and a light detector 23 is located to 
face a laser beam emission surface so as to optically detect 
a height of the principle surface of the original disc 15. The 
light detector 23 supplies a light receiving signal to a height 
detector 24. The height detector 24 detects height data of the 
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principle surface of the original disc 15 on the basis of the 
light receiving signal and sends it to a focusing unit 56. 
[0044] Inside the electron beam column unit 40 over the 

vacuum chamber 11, an electron gun 41,. a converging lens 42, 
a blanking electrode 43, an on-off control aperture 44, a beam 
deflection electrode 45, a focus adjusting lens 46, and an 
objective lens 47 are arranged in this order. An electron beam 
emission port 49 provided on the tip end of the electron beam 
column 40 is directed to the original disc 15 . When the electron ' 
beam emitted from the electric gun 41 passes through an opening 
portions of aperture 44 for controlling on and off, the electron 
beam is converged with the objective lens 47 and impinges upon 
the principle surface of the original disc to thereby form a 
minute electron beam spot on the principle surface. 
[0045] The electron gun 41 emits an electron beam which 

is accelerated by a high voltage of several tens of KeV from 
an accelerating high voltage power source 51. The converging 
lens 42 converges the electron beam thus emitted and guides it 
to an aperture 44. The blanking electrode 43 is controlled by 
the beammodulation unit 52 andmodulates strength of the electron 
beam on the basis of a modulation signal from the controller 
25. Namely, the beam modulation unit 52 supplies a modulation 
signal to the blanking electrode to largely deflect an electron 
beam which passes through it. As such, the electron beam is 
turned off by stopping a pass of the electron beam to the aperture 
44, and turned on by allowing the pass. 

[0046] The beam deflection electrode 45 is made up of 



14 



oppositely and orthogonally arranged electrode sets. The 
electron beam can be deflected independently in two directions 
(X, Y) , along an axis in parallel to the radius of the original 
disc on a surface parallel to a principle surface of the original 
disc and an axis perpendicular to the above axis . These two-axis 
electrodes in the beam deflection electrode 45 are respectively 
controlled by a radius deflection signal X(t) and a tangential 
deflection signal Y (t) from the beam deflection unit 55 to thereby 
deflect' the electron beam thus passed respectively in the- 
directions of the axes. The beam deflection unit 55 generates 
the deflation signals X (t) and Y (t) on the basis of the electron 
beam deflection signal from the controller 25 . By these signals, 
the beam deflection electrode 45 deflects the passing electron 
beam in response to the radius deflection signal so that a spot 
of the electron beam is moved on a radius of the original disc 
at a pitch of one track per one rotation of the original disc. 
Further, the beam deflection unit 55 corrects a residual error 
component on the basis of the measured length data from the radius 
sensor 20 and the rotational number data from the encoder of 
the spindle motor 17 to generate the deflection signals X(t), 
Y ( t ) and conducts a positional control of the electron beam spot 
on the principle surface of the original disc 15. As such, the 
beam modulation unit 52 of the emission control unit supplies 
an instruction for modulating the strength the exposure beam 
in response to data to be recorded to the beam deflection electrode 
45. 

[0047] An example of the electron beam deflection signal 
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used in the present invention is illustrated in Figure 3. 
[0048] The focus adjusting lens 46 is controlled by the 

focusing unit 56, and the focusing unit 56 performs focusing 
adjustment of the electron beam spot which is converged on the 
principal surface of the original disc 15 with the objective 
lens 4 7 on the basis of a detection signal from the height detection 
unit 24. The accelerating high voltage power source 51 and the 
focusing unit 56 are operated on the basis of the control signal 
from the controller 25. 

[0049] The beam deflection unit 55 supplies the deflection 

signal as shown in Figure 3 to the beam deflection electrode 
45 to thereby appropriately deflect the electron beam as 
explained in reference of Figure 1. 

[0050] The rotational control unit 30 supplies, to the feed 

mechanism 19, an instruction of moving by a track pitch per 
rotation of original disc. At the same time, the beam deflection 
unit 55 supplies an instruction of sequentially moving by a 
distance between a recording track and a prepit to the beam 
deflection electrode 45 so as to satisfy a relationship between 
rotation of the original disc and the amount of beam deflection. 
Further, when the beam jumps from the recording track to the 
prepit, the beam modulation unit 52 supplies a blanking 
instruction to the beam deflection electrode 45 to make the beam 
strength zero. 

[0051] In accordance with such the deflection operation 

of the sequential modulation beam spot, the resist layer of the 
original layer has a recording track and a prepit recorded in 
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•it along a locus shown in Figure 1. Thus the information 
recording process ends. 

[0052] Although the present invention is limited to 

recording of the recording track and the prepit positioned 
between the recording tracks, the present invention is similarly 
applicable when information is reproduced. 

[0053] Further, the present invention is not limited. to 

the above embodiments. The above Embodiments are examples. As 
long as a structure which is substantially the same as that in 
the technical idea recited in the Scope of Claims of the present 
invention and demonstrates a function and effect similar to those 
of the present invention may be included in a technical scope 
of the present invention. 



